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Abstract 
In this work an optical deflection method was used to study surface vibrations created by a low frequency source placed on the 
sample’s surface. The optical method consists in placing a laser beam perpendicularly the sample’s surface (gelatine based 
phantom). A beam-splitter is placed between the laser and the sample to project the reflected beam into a screen. As the surface
moves due to the action of the low frequency source the laser beam on the screen also moves. Recording this movement with a 
digital camera allow us to reconstruct de surface motion using the light reflection law. If the scattering of the surface is very 
strong (such the one in biological tissue) a lens is placed between the surface and the beam-splitter to collect the scattered light.
As validation method the surface movement was measured using a 10 MHz ultrasonic transducer placed normal to the surface in 
pulse-eco mode. The optical measurements were in complete agreement with the acoustical measurements. The optical 
measurement has the following advantages over the acoustic: 2-dimensional motion could be recorded and it is low cost. Since 
the acquisition was synchronized and the source-laser beam distance is known, measuring the time of flight an estimation of the
surface wave velocity is obtained in order to measure the elasticity of the sample. The authors conclude that a reliable optical,
low cost method for obtaining surface wave parameters of biological tissue was developed and successfully validate. 
PACS: 42.15.-I, 42.60.By, 46.25.-y, 43.20.+g 
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1. Introduction 
Deflection of a laser beam reflected in a mobile surface is a well known method to study surface waves and 
bending surfaces [1], [2]. It is especially suitable for soft undulations of the surface (i.e. centimetre wavelengths and 
millimetre amplitudes). In these cases interferometric methods are usually not applicable. The bending of the surface 
is still strong enough and the signal beam is thrown out of the reference beam in the interferometer. 
 When we analyze surface waves in phantoms of biological tissues surface deformations have ideal conditions 
to see deflections of a reflected laser beam. Fig. 1 shows a schematic experimental setup. 
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Fig.1  When the surface tilts an angle Į, the reflected beam tilts 2Į and the displacement y of the light spot is register by the CCD camera.
Suppose that a disturbance travels along the surface in Fig.1. If the deflection angle is small, we obtain the 
displacement y of the reflected light spot in the screen S by simple geometrical considerations. It is
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Let  , ,z x y t be the vertical displacement (upwards) of the surface at the  ,x y  point at time t. Let be x the 
horizontal coordinate (from left to right) in the plane of the Fig. 1. We can relate the displacement y with de
inclination of the surface at the observation point as 
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Usually the surface is not specular as Fig. 1 shows. The reflected light is more or less scattered and a collecting 
convergent lens near the surface is needed. In this case the screen is placed beyond the geometrical image of the
reflecting point of the surface, as Fig.2 shows. This allows the light spot to move on the screen when the surface is
bent. Defining in Fig. 2: s P L , 0u LB BP  , r L ,B BQ  where s and u are the conjugates distances from the
lens to the object point P and to the image point P0, respectively. Performing a simple calculation by using the
Gaussian optics, the relationship (1) results in the form
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Fig.2  The lens L collects the light scattered from the point P. The image point is P0 and the observation screen is Q.
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It is important to highlight that the constant q is a useful amplification factor. If the screen is putted far away, 
great displacements y are produced by small tilting of the surface. Assuming a packet of surface’ waves travelling in
x-direction in Fig. 1. This can be represented as
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According to equation (3), the light spot displacement y on the screen becomes
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Without loss of generality, we assume that the observation point is 0x , and the equation (5) becomes
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The inverse Fourier transform of the equation (6) allow us to obtain the amplitude,
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Knowing the spot displacement  on the screen and the dispersion relationshipy t  k Z  for surface waves,
we can reconstruct the wave packet by substituting equation (7) in equation (4),
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If the wave packet is sufficiently narrow band, we can approximate it, for example, as 
   cos0y t y tM :  (9)
By using equation (8) the surface perturbation z becomes
  0, sinyz x t q Kx t
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Observe that there is a phase shift of 2S  (at 0x ) between the surface displacement z and the light spot
displacement y on the screen.
2. Experimental Setup 
As shown in Fig 1. the digital camera (CCD), which is used to record the motion of the laser spot projected into
the screen, is controlled by a pulse generator (HP 8114A). Each time a pulse is sent a frame is acquired. Setting the
number of pulses we set the number of frames to acquire and setting the pulse repetition frequency we set the
sampling frequency. The sampling frequency depends on the size of the frame as well as on the camera exposure
time. For a frame size of 120 by 120 pixels and an exposure time of 0.063 ms a sampling frequency of 700 Hz could
be achieved. The pulse generator is synchronized with an arbitrary waveform generator (Tektronik AFG 3021)
which controls the low frequency source (Bruel&Kjaer type 4810). The source shape is a small bar in order to create
plane waves in the vicinity of the laser spot and also to control the propagation direction. As a sample we use a 
gelatine based phantom (3% gelatine diluted in water) which mimics the properties of biological tissue. Since the
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phantom’s surface scatters the light coming from the laser (4 mW Oriel Corporation) a collecting lens (10 cm of
focal distance) is placed between the sample’ surface and the beam splitter.
Once the motion of the laser spot on the screen is recorded we reconstruct the surface motion from the spot
motion. Since the spot is not a “point spot” we calculate the “centre of masses” as the most representative point of
the spot. In order to accomplish that we use the frame intensity as a weighting function. As we repeat this procedure
frame by frame the mean spot position is time dependent.
( ) ( ). ( ( ), ( ))x t x t I x t y t dx ³³ dy  (11)
( ) ( ). ( ( ), ( ))y t y t I x t y t dxdy ³³  (12)
Where y(t) is the vertical motion and x(t) is the horizontal motion. The results obtained for a five cycle sinusoid
of 40 Hz of central frequency are shown in Fig. 3. In this case the bar used as a source was placed parallel to the 
screen so as it is expected most of the energy propagates in the vertical direction. Motion in the horizontal direction
is also detected having the same frequency components as the vertical motion.
Fig.3 (a) Horizontal movement of the laser spot. (b) Vertical movement of the laser spot. (c) Power spectrum of the horizontal movement where
a central frequency of 40 Hz can be observed. (d) Power spectrum of the vertical movement where a central frequency of 40 Hz can be observed.
3. Validation
3.1. Ultrasound
To validate the optical method the surface motion was recorded using ultrasound. A 10 MHz ultrasonic
transducer (Panametrics V312) is placed instead of the laser and normal to the sample’s surface. The transducer is 
set in pulse – eco mode. To assure that the ultrasonic probe is normal to the surface the angular position where the 
reflected echo is maximums is search. Each A-Scan is recorded at a sampling frequency of 40 MHz with a repetition
frequency of 1 kHz. The acquisition and the emition of the perturbation through the low frequency source were
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synchronized. Using a cross-correlation algorithm the surface displacement in the direction of the ultrasonic beam
was calculated.
For a monochromatic wave if we derivate the optical signal, according to (9) and (10), we should obtain the
acoustical signal as it is shown in Fig. 4.
Fig.4  Acoustic signal obtained from the surface movement compared with the spatial derivative of the optical signal. We observe that both 
signals come in phase according to (9) and (10). 
From this figure we conclude the optical method was successfully validated. We observe that the optical method
presents certain advantages over the acoustical: it is low cost, since we only need a digital camera and a not very
powerful laser. Secondly we can reconstruct the bi-dimensional motion of the surface in an easy way.
3.2. Low cost acoustic sensor
A comparison between a low cost acoustic surface sensor (Murata PKS1-4A type) and the optical method was
done. Instead of the laser beam (1 mm of diameter) the acoustic sensor (20 mm of diameter) is placed centred on the 
laser beam. The acoustic signal is digitalized at a sampling rate of 500 Hz by a HP 54520A type oscilloscope. The 
acquisition is synchronized with the low frequency source. A five cycle sinusoid at 50 Hz is sent from the shaker.
Fig.5  (a) Optical signal for a 5 cycle sinusoid at 50 Hz (b) Acoustic signal for the same perturbation obtained from an acoustic surface sensor. A
time shift of 7.5 ms can be observed.
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Knowing the source – laser distance (15 cm), measuring a perturbation time of flight of 148 ms from Fig. 5 (a) a 
surface wave speed of approximately vR = 1 m/s is obtained. The acoustic field is dominated by Rayleigh waves [3]. 
In incompressible media the relationship between shear wave speed and Rayleigh wave speed is, in first 
approximation, vR = 0.95vS. Thus, the final shear elasticity estimation (assuming an elastic model of solid with 
constant density ȡ = 1000 kgm-3) is μ = ȡ.vS2 = 1.12 kPa. 
From Fig. 5 a time shift of 7.5 ms is seen between de signals corresponding to the acoustical sensor and the 
optical method, This corresponds to a 8 mm distance, corresponding to the sensor radium. Beside the time shift the 
signals look alike validating in other way the optical method. The time shift between the optic and acoustic signal 
was satisfactory explained. The importance that the optical method can measure with a spatial resolution of 1 mm 
comes into light. 
4. Conclusions 
From the preceding sections the authors conclude that a reliable optical method for measuring surface vibrations 
in soft tissues was developed. The optical method was successfully validated with two different independent 
acoustic methods. The main advantages of the optical method over the ultrasound method are: 1) its low cost 2) one 
can measure bi-dimensional surface displacements in a direct way. As shown by the second validation method (low 
cost acoustic sensor) another advantage of the optical method is its spatial resolution (1 mm of diameter).  
The phantom’s elasticity was successfully obtained. In order to obtain an estimation of the viscosity constant a 
second measurement point should be achieved. 
Future works are developed concerning the extension of this method to a two point measurement. This would 
allow the estimation of the attenuation coefficient as well as the wave speed without needing any trigger between the 
acquisition and the low frequency source.  Other works will study the capacity of this method as a surface imaging 
technique.
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